Interactions between Purkinje fibers and ventricular muscle were studied in canine Purkinje-papillary muscle preparations. The change in duration of action potentials across the junctions between Purkinje fibers and papillary muscle was continuously graded, not abrupt. The transmembrane action potentials were longest in the false tendons and progressively shorter in more peripheral fibers. The responses of terminal Purkinje fibers and of neighboring muscle cells differed little in duration. The shortest action potentials were found in muscle fibers located in regions devoid of specialized tissue (tip of papillary muscle). These results suggest that the intercellular connections, including those at the junctions, offer relatively low resistance to current flow. During repolarization the current flowing between neighboring elements with intrinsically different repolarization times should therefore minimize the disparity in action potential durations on the two sides of the junctional site; a continuously graded change in duration would result. Because of this continuous gradation, premature ventricular responses initiated at the tip of the papillary muscle could be blocked, depending on the degree of prematurity, at various levels in muscle fibers functionally close to terminal Purkinje fibers or within the Purkinje system.
• In a recent study, Mendez and Moe (1) reported that the duration of action potentials of A-V nodal cells depends on the characteristics of transmission. The margin of safety for propagation through the A-V node is relatively low and can be made critical for premature responses. Conduction block or critical propagation, depending on the degree of prematurity of the test responses, could therefore be obtained. When transmission failed, the amplitude of action poten-tials just proximal to the site of block were low, slowly rising, and brief. When propagation was barely successful, action potentials obtained from the same cells were considerably prolonged; a hump, coincident in time with the action potentials of immediately subjacent cells, interrupted the repolarization phase. To explain these results, the A-V node was assumed to behave as a functional syncytium with relatively lowresistance intercellular connections; the changes in duration and configuration of action potentials were ascribed to electrotonic interactions between neighboring areas. This hypothesis would be strengthened if similar results could be obtained in isolated bundles of Purkinje fibers, which are known to behave as a functional syncytium with lowresistance intercellular connections (2) .
The same hypothesis predicts that during continuous (noncritical) propagation in a functional syncytium it would be impossible to record action potentials of conspicuously different durations from two contiguous, functionally connected cells, even though the "intrinsic" duration of the responses might be quite different. Action potentials in the Purkinje fibers of false tendons are considerably longer than those of ventricular muscle cells (3) , but if the junctions between Purkinje fibers and muscle cells are also of low resistance, the change in duration of action potentials from false tendon to muscle should be gradual, not abrupt.
The evidence obtained in the present study indicates that the results described for block and for barely successful propagation in the A-V node apply also to Purkinje bundles, and that at Purkinje fiber-muscle junctions the change in action potential duration is continuously graded.
Methods
False tendons and Purkinje-papillary muscle preparations were excised from dogs anesthetized with sodium pentobarbital, 35 mg/kg iv, and were isolated by the technique described by Hoffman et al. (3) . To reduce the motility of the preparation, a modified Tyrode's solution with low calcium (1.8 mM) was used (4) . The solution was saturated with a mixture of O 2 (95%) and CO 2 (5%). The temperature of the chamber was maintained at 36° to 37°C.
All preparations were driven electrically. In the Purkinje-papillary muscle preparations a pair of silver electrodes insulated except at their tips was applied close to the apex of the papillary muscle, and another pair was applied close to the cut end of one of the attached bundles of Purkinje fibers. Stimuli were rectangular pulses (1 to 5 msec) obtained from two Tektronix pulse generators. The outputs of the pulse generators were fed to two independent isolation transformers. The pulse generators were triggered by a device that permitted the application of a series of regular pulses followed by one or more test shocks (5) . Each test stimulus could be delivered at any desired interval, either through the same pair of driving electrodes or through the second pair of electrodes. The intervals were counted from a 100-kc crystal oscillator. When isolated strands of Purkinje fibers were used, a single pair of stimulating electrodes was placed near one of the cut ends. In all experiments, two or three simultaneous records of transmembrane potentials were obtained by conventional techniques. In some experiments, in addition to the intracellular records, the electrogram of one of the attached false tendons was obtained by bipolar silver electrodes connected to a differential amplifier (Tektronix 3A3). The electrical signals were displayed on an oscilloscope (Tektronix 565) and photographed with a Grass camera.
Central, peripheral, and terminal Purkinje fibers and papillary muscle fibers were studied. These were identified by (1) location, (2) time sequence of activation, and (3) action potential configuration. The term central is applied to fibers with action potentials characteristic of Purkinje fibers, located in the free-running false tendons or in the moderator band. Peripheral branches of the false tendons could often be seen to ramify over the surface of the basal portion of the papillary muscle, and fibers characteristic of the specialized conduction system could always be identified in this area by the configuration of their action potentials. Muscle fibers were also identified by the configuration of their action potentials. The characteristics of terminal Purkinje fibers are described in the results.
Techniques not common to all experiments are described in Results.
Results

ISOLATED FALSE TENDONS
Weidmann has shown that the intercalated discs in single Purkinje fibers offer a small resistance to the passage of current (2) . To test whether phenomena previously observed in A-V nodal cells could be obtained in this tissue, we compared the action potentials obtained in isolated strands of Purkinje fibers during conduction block with those obtained during critical propagation. To accomplish this, the following procedures were adopted: a long false tendon (about 2 cm) was isolated and the cut ends were pinned to the paraffin floor of the perfusion chamber. In three preparations, an L-shaped glass rod was attached to a micromanipulator and lowered in the bath so that the horizontal limb of the rod (0.7 mm in diameter) rested midway on the upper surface of the Purkinje strand, perpendicular to the direction of the fibers. Controlled pressure could then be exerted on a relatively narrow seg-ment of the tissue. In three other experiments the middle of the false tendon was partially ligated with a monofilament of nylon. The tightness of the ligature was controlled by micromanipulators. With both procedures, one end of the Purkinje strand was stimulated regularly at a slow frequency (cycle length 600 to 800 msec), and recording microelectrodes were placed on each side of the compressed site. The distance between the microelectrodes was approximately 4 mm. The degree of pressure exerted on the tissue was increased progressively until it was sufficient to cause an increase in the delay between the recorded action potentials. In these conditions a test response could be blocked at the compressed site or be allowed to propagate all the way by changing the prematurity of the test stimulus. Conduction block in isolated false tendon. Upper and lower traces, action potentials obtained proximal and distal, respectively, to compressed site. S t , last of a series of regular driving stimuli; S 2 , test stimulus-Calibrations, 200 msec and 100 mv. For detailed description see text.
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The results were similar in all of the experiments.
An example of conduction block and critical propagation at a compressed site is illustrated in Figure 1 . In each section the sweep starts with the last of a series of basic stimuli. The upper and lower traces correspond to transmembrane potentials recorded proximal and distal to the compressed region. Because of the proximity of the recording electrodes to the compressed site, the configuration of the action potentials was abnormal. In A, the interval between basic (Si) and test (S 2 ) stimuli applied through the same pair of stimulating electrodes was 248 msec. At this interval, conduction block occurred at the compressed site. The test action potential recorded from the proximal fiber was low in amplitude and brief. Only a local subthreshold depolarization was recorded through the distal electrode. In B, the SiS 2 interval was increased to 278 msec; propagation of the test response was barely successful as indicated by the latency between the recording sites (40 msec). Duration of the test action potential at the proximal site increased considerably, and a conspicuous hump appeared on its repolarization limb, coincident with the upstroke of the distal action potential. In C the S1S2 interval was increased to 298 msec. The latency between the recording sites decreased to 10 msec; the proximal test response was no longer notched, and its duration measured at 50% of its peak amplitude was about 25 msec shorter than the corresponding response shown in B. These results, which are qualitatively similar to those reported previously for the rabbit A-V node (1) , suggest that the electrotonic interaction between areas proximal and distal to the compressed region was sufficient to effect conspicuous changes in duration and configuration of the action potentials, a result to be expected if the internal resistance of the syncytium is low.
PURKINJE-PAPILLARY MUSCLE PREPARATION
Duration of Action Potentials.-Duration of the action potentials of Purkinje fibers, recorded from the free-running false tendons, are considerably longer than those of ventricular muscle fibers. According to preliminary studies by Paes de Carvalho (cited by Hoffman and Cranefield [6] ), the action potentials of peripheral Purkinje fibers in rabbit hearts are briefer than those of the false tendons (central Purkinje fiber). To determine whether the changes from central Purkinje fibers to muscle were graded or abrupt, we compared length of action potentials at many sites in isolated Purkinje-papil- lary muscle preparations. When the basic rate of stimulation was low (cycle length 600 to 800 msec), the transmembrane potentials recorded from central Purkinje fibers were considerably longer than those recorded simultaneously from peripheral fibers. Furthermore, the transmembrane potentials of muscular fibers located near the base of the papillary muscle in regions richly supplied with Purkinje fibers were slightly longer in duration than those obtained from muscular fibers located in regions poorly supplied with specialized tissue (close to the apex of the muscle). In the latter region we have never encountered action potentials characteristic of Purkinje fibers; histologic evidence confirms the physiologic studies (7) . Figure 2 shows the gradation in action potential duration in one of the experiments. Not all records were obtained simultaneously, but the cycle length (700 msec) and the temperature (36°C) were equal in all. For records 1 to 4, the sweep started with the moment of application of a driving pulse applied to the moderator band. For record 5, the sweep began with the moment of application of a stimulus to muscular fibers close to the impaled cell. Trace 1 was recorded from a central Purkinje fiber, 2 and 3 from peripheral Purkinje fibers, and 4 from a muscle cell located in an area richly supplied with specialized tissue. Record 5 was taken from a ventricular muscular fiber located in a region devoid of specialized tissue. The dotted vertical line crosses the repolarization limb of record 5 at 20% of its peak amplitude. The horizontal dotted lines emphasize the progressive change in length of the action potentials from central Purkinje to muscle. Although the stimulus-response latency is longer for record 4 than for record 5, the action potential in 4 is significantly longer than in 5. Similar results were recorded in more than 15 isolated preparations.
In the records in Figure 2 , the shortest action potential of Purkinje tissue and the longest of muscle (3 and 4, respectively) differ considerably in duration. However, in most experiments, action potentials with a configuration intermediate between Purkinje fiber and muscle were recorded. Similar action potentials have been previously described by Matsuda et al. (7) and are considered to correspond to true terminal Purkinje fibers. They differ from the surrounding muscular action potentials in three respects: (1) phase 0 ends with a brief spike characteristic of Purkinje fibers; (2) the rate of depolarization is faster than in muscle; and (3) when the preparation was driven by stimuli applied to a central Purkinje strand, their activity always preceded the activity of immediately adjacent muscle fibers by 1 or 2 msec. To obtain action potentials with these characteristics, many punctures were often required. The action potential of a typical terminal Purkinje fiber is shown in Figure 3A .
Durations of the action potentials of terminal Purkinje fibers appear to fill the gap between records 3 and 4 in Figure 2 . In the records B, C, and D in Figure 3 Effect of Section and "Healing" on Transmembrane Potentials of Peripheral Purkinje Fibers.-The results described above indicate that duration of action potentials does not change abruptly between Purkinje and muscle. However, the relatively short duration observed in peripheral Purkinje fibers could be an inherent characteristic of these cells and not the result of electrotonic interactions with ventricular muscle. Likewise, the different durations obtained from muscle cells located in regions richly and poorly supplied with specialized tissue might be coincidental. Weidmann (2) has shown that when a Purkinje fiber is sectioned, a new membrane of high resistance seals the cut end. Accordingly, a discrete cut should disengage peripheral Purkinje fibers from the muscle tissue they subserve. After cellular repair, there should be no electrotonic interactions between muscle and the specialized tissue proximal to the cut, but the interaction would still be present in the peripheral Purkinje fibers located beyond the section. In some preparations, a small bundle of Purkinje fibers leaving the moderator band could be seen to ramify over basal papillary muscle fibers. In three of these preparations, one microelectrode was located for comparison in a central specialized fiber. With a second microelectrode, several records of peripheral Purkinje fibers were obtained, presumably from the ramifications of the bundle. A cut perpendicular to the direction of the bundle was then made across the explored area by a fine blade attached to a microdissector. Enough time was allowed for "healing" to occur, and the regions proximal and distal to the cut were again explored with the second microelectrode. Figure 4 shows the results obtained in one of these experiments. The preparation was driven by stimuli applied to a false tendon. In all parts of the figure the same impalement of the central Purkinje fiber was maintained. In A, recorded before the cut, the traces are superimposed; the long and short action potentials correspond to the transmembrane potentials of a central and peripheral Purkinje fiber, respectively. The records in B were taken 30 minutes after the cut was made; Purkinje action potentials recorded from the region just proximal to the cut were in general prolonged, and the difference in duration shown in A disappeared. In C, when the exploring electrode was located in peripheral Purkinje fibers slightly distal to the cut, the action potentials were again short. The stimulus-response interval for the peripheral fiber was consider-
B FIGURE 4
Simultaneous tracings obtained from a central Purkinje fiber (longer duration in A) and from peripheral fibers. A, before cut; B, after cut, proximal fiber; C, after cut, distal fiber. See text for explanation. Calibrations in A, 100 msec, 100 mv. ably increased. This was expected, since the impulse had to follow a longer course to reach the location of the exploring microelectrode.
Conduction Block Induced by Premature Responses in the Purkinje-Papillary Muscle System.-Hoffman et al. (3) have shown that premature ventricular responses can cause a small nonpropagated depolarization in junctional Purkinje fibers. These results were ascribed to the different action potential durations and refractory periods of the two tissues. Because the change in duration at Purkinje fiber-muscle junctions is continuously graded, conduction block should be demonstrable at various levels, depending on the prematurity of a test response initiated in muscle. This was found to be the case in all experiments.
The earliest premature ventricular response initiated close to the tip of the papillary muscle can be blocked in areas of ventricular muscle richly supplied with, Purkinje fibers ( Fig. 5 ). In A, the action potential recorded close to the stimulated site (upper trace) is briefer than that recorded from the more basal area (lower trace). The earliest test response near the tip of the muscle (B) caused only a local subthreshold depolarization in the basal fiber. In C, when the interval between basic and test stimuli was increased 5 msec, the test response engaged the basal cell. Its action potential was preceded by a slowly rising foot, the velocity of depolarization was quite slow, and its duration was brief. In D the test stimulus was delayed another 5 msec; transmission between the two sites was accomplished more promptly and the prepotential in the lower trace disappeared. The brief test action potentials of the basal cell (lower trace in C and D) suggests that transmission failed between this cell and the Purkinje fibers to which it was eventually connected or very shortly thereafter.
Conduction block within muscle elements, as shown in Figure 5B , was not commonly observed, but it was always possible to obtain conduction block at various levels with- kinje fiber (lower trace). A'-D' are records of the same peripheral Purkinje fiber (lower trace) and of a more centrally located specialized fiber. In A and A', S 2 was too premature to evoke a response. The records are pre-sented to show the three different durations of action potential obtained. In B and B' the S^ interval (208 msec) was the shortest with which S 2 evoked a muscular response. In the action potential recorded from the peripheral Purkinje fiber a hump on its repolarizing limb followed the test response in muscle after a considerable latency. This hump prolonged the action potential of the peripheral fiber but probably does not represent an active response. Occurring at a potential level where the fiber should be inexcitable, it could be the electrotonic representation of activity in closely adjacent muscle similar to that shown in Figure 5C (lower trace). The configuration of the action potential of the central Purkinje fiber (upper trace in B') was not modified under these conditions. In C, C and D, D' the SiS 2 interval was increased progressively (264 msec, 280 msec, respectively). The peripheral Purkinje fiber responded actively to the test muscle response, and a small hump appeared in the repolarization limb of the central Purkinje fiber. The figure shows con-
Simultaneous action potentials from muscle cells near apex of papillary muscle (upper trace) and from a region richly supplied by Purkinje fibers (lower trace). S 2 , test stimulus applied to apex at progressively greater
A FIGURE 7
Continution of A'-D' of Figure 6 , at increasing intervals. For explanation see text.
FIGURE 8
Simultaneous records obtained from apical muscle fiber (lower trace), peripheral Purkinje fiber (middle) and central fiber (top). S t and S 2 applied to muscle; S, to false tendon. Calibrations, 100 msec, SO ran. See text for explanation. duction block at two different levels in the Purkinje system. Successful propagation to the central Purkinje fiber in this experiment was achieved only when the S1S2 interval was increased considerably. In Figure 7 , which is a continuation of the lower row of Figure 6 , A is repeated to show the difference in duration of the action potential. In B, at an SxS 2 interval of 300 msec, the central fiber did not respond. In C and D, the SjS 2 interval was increased to 320 msec and 350 msec, respectively, and at these intervals the central fiber was actively engaged. The early premature responses recorded from the central fiber were shorter than the corresponding responses recorded from the peripheral Purkinje fiber, presumably because repolarization was less complete in the central fiber at the time of arrival of the premature discharge.
The sequence of repolarization of the early responses shown in Figure 7C and D suggests that an early test pulse applied to the central Purkinje fiber after its response to S 2 should now fail to propagate back to the muscle. Figure 8 shows an experiment of this type. In each section, the upper, mid-die, and lower traces, recorded simultaneously, correspond to the central Purkinje fiber, peripheral Purkinje fiber, and muscle, respectively. The preparation was driven by stimulating close to the tip of the papillary muscle. In B, a test stimulus, So, was applied through the same pair of electrodes. Its timing was chosen so that the entire system was actively engaged. The upper arrow (S 3 ) in B signals the moment of application of an ineffective test pulse applied to the moderator band. In C and D, the interval between basic and test pulses (SiS 2 ) applied to muscle remained the same as in B, but the test pulse applied to the central Purkinje fiber (S 3 ) was progressively delayed. In C the activity initiated in the central Purkinje fiber in response to S 3 did not reach the Simultaneous transmembrane action potentials recorded from apical muscle fiber ( muscle but caused an active and extremely brief response in the peripheral specialized fiber. In D, the activity initiated in the central Purkinje fiber, 3 msec later than in C, reached the muscle. In the action potential of the peripheral Purkinje fiber a marked hump in its repolarizing limb corresponded with activity in subjacent muscle; its action potential was accordingly considerably longer than the corresponding response shown in C. The similarity of this result with that recorded from compressed Purkinje bundles (Fig. 1) is apparent. As already illustrated in Figures 6 and 7 , an early test muscle response can engage part of the Purkinje system without reaching the central fibers. These fibers can then be stimulated directly and their activity may again be blocked in the peripheral Purkinje fibers. Figure 9 illustrates this point. In each section the upper trace corresponds to an electrogram obtained with bipolar electrodes located on a false tendon (central Purkinje fiber). The second trace corresponds to the transmembrane potential recorded from a peripheral Purkinje fiber, and the lower trace shows the transmembrane potential of a ventricular muscle fiber. The preparation was driven by stimulating the muscle. In A the test muscular response initiated by S 2 engaged the peripheral fiber but failed to reach the false tendon. In B the S^ interval remained the same. The false tendon was then stimulated directly at the moment indicated by the upper arrow (S 3 ). The activity initiated by this stimulus was blocked before it reached the impaled peripheral Purkinje fiber and only a small hump appeared in its repolarizing limb. In C with the same SiS 2 interval, the test pulse, S 3 , was delayed by 20 msec. Under these conditions, the response initiated in the central Purkinje fibers propagated all the way to muscle. In D, the S1S3 interval was the same as in B, but the S 2 test shock was deleted. It is clear that the response initiated by S 3 propagated all the way in tissue fully recovered.
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Discussion
INTERACTION OF TRANSMEMBRANE POTENTIALS IN PURKINJE FIBERS
The results in isolated false tendons were qualitatively similar to those reported previously (1) for the rabbit's A-V node. An action potential recorded proximal to the site of conduction block was low in amplitude and brief (Fig. 1A) . When conduction was barely successful the action potential recorded from the same cell had a hump in its repolarizing limb and was considerably prolonged (Fig.  IB) . The same hypothesis advanced for the A-V node fits these results. At the boundary where conduction block takes place, the inactive region, acting like an external anode, accelerates the repolarization of the neighboring active cells. An extreme example of how brief the action potential of a Purkinje fiber can be, just proximal to the site of block, is illustrated in Figure 8C . In this example, it is possible that the current from the neighboring inactive area caused all-or-nothing repolarization (8) . When propagation is barely successful, the impulse may stop and resume its travel after a delay. 1 While the impulse is arrested, repolarizing current will tend to shorten the action potential of the active region, but when propagation resumes, the source of repolarizing current will be extinguished, and the newly excited tissue will now provide depolarizing current to the previously active region, delaying or temporarily reversing its repolarization (Figs. IB, 8D). This explanation can be tenable only if the intercellular connections of the system offer relatively low resistance to current flow. This is certainly the case for Purkinje fibers (2) .
In a rabbit's A-V node or in a partially ligated false tendon, when conduction block 1 There is good reason to believe that the wave front actually stops rather than merely decelerates. When the proximal action potential is barely able to bring the distal elements to threshold, a true latency between proximal and distal responses must occur; i.e., propagation is discontinuous. This has precisely the same meaning as the stimulus-response latency recorded when an intracellular stimulus at just threshold intensity is applied. takes place the region at which activity stops encompasses the total breadth of the tissue. If propagation is barely successful, an impulse may cross this region as a broad wave front or it may cross it at a point from which activity will spread. In either case, propagation must be discontinuous. The hump recorded during the repolarization phase of cells just proximal to the boundary signals the moment of activation of those distal cells which can exert significant electrotonic influences on the impaled proximal cell. These distal cells may be the earliest ones to fire, or they may be engaged laterally or retrogradely by activity spreading from another site. In the first case, the moment of appearance of the hump will provide an estimate of the time during which the impulse was arrested. In the second case, the appearance of the hump will be delayed by the extra time taken by the impulse to reach the proper distal elements. Nevertheless, in either case, the basic mechanism responsible for the hump will be the same-electrotonic interaction.
INTERACTION OF TRANSMEMBRANE POTENTIALS AT PURKINJE-PAPILLARY MUSCLE JUNCTIONS
The results reported ( Figs. 2 and 3 ) indicate that there is a continuous gradation of action potential durations between specialized fibers and muscular fibers. It could be argued that the progressive change in duration of action potentials represents a gradation in the inherent characteristics of the cells rather than the influence of electrotonic interactions, but the alterations resulting from section of peripheral Purkinje fibers strongly support the latter possibility. Unfortunately, it was not possible to maintain the same impalement of a peripheral Purkinje fiber before and after the section was made, but a region characterized by short action potentials was changed by the section into two distinct zones, one just proximal to the cut where the action potentials of the specialized fibers were preponderantly long and another just distal to the cut where the action potentials of the specialized fibers were short. Injury due to the section alone would be expected to cause the same alterations at each end of the cut fibers. Therefore the change from short to long action potentials observed in the zone proximal to the cut was probably due to the interruption of electrotonic interactions between specialized and muscle cells. Obviously, the specialized fibers distal to the cut still retained their connections with muscle elements. From these results it is suggested that the intercellular connections between specialized and muscle cells offer low resistance to current flow, and as a consequence, the change in action potential duration at Purkinje fiber-muscle junctions is continuously graded.
It has often been suggested that closely coupled extrasystoles could be generated by the difference in potential between adjacent cardiac cells which repolarize at different times (9) (10) (11) . The results of the present study do not support this hypothesis. There should be no major difference in the time course of repolarization in neighbors functionally connected through low-resistance junctions. It would, of course, be possible to find neighboring cells with different repolarization times, provided that those elements are separated by a high resistance path, but in this case the current flow between them would not reach threshold in the cell that repolarizes first.
During continuous propagation, the electrotonic interaction between elements functionally connected thus serves as a safety device that prevents repetitive responses. On the other hand, conduction block results in very short action potentials, which are also the result of electrotonic interactions. These brief responses may play an essential role in the genesis of re-entry. The indispensable condition for reentry, long recognized by clinical cardiologists (see, for example, Katz and Pick [12] ), is that activity fails to propagate in some regions while it continues in others. If, at the regions where conduction block occurs, the last elements engaged had action potentials of the same duration as those recorded during continuous propagation (say 200 msec in ventricular muscle)
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reentry would be highly improbable. Very tortuous paths, very slow conduction, or both would be required for the reexcitation of elements with such a long refractory period. The results obtained in this study show, however, that during conduction block the last elements to fire may have very brief action potentials and, presumably, correspondingly short refractory periods. The probability of reentry in these elements must be considerably enhanced. It is not difficult to picture how such an early reexcitation could emerge as an extrasystole and invade the whole preparation. During conduction block, the shortest action potentials are found at the boundary between active and inactive elements. At more and more proximal levels, less and less subject to the electrotonic acceleration of repolarization, action potential durations will be progressively longer until normal durations are eventually encountered. A reentrant impulse, engaging the elements with the shortest refractory period, would travel "uphill" at a slow velocity limited by the progressively longer refractory phases and would emerge finally as a closely coupled beat. (13) assumed that at Purkinje fiber-muscle junctions there is an abrupt change in duration of action potentials of about 100 msec. Accordingly, they assumed that an early premature excitation of the muscle could be used to assess the physiologically effective refractory period of the Purkinje fibers. Conversely, because early responses of the muscle failed to excite the Purkinje strands, stimulation of the latter could be used to estimate the recovery of excitability in the muscle. The results of the present study indicate that the change in length of action potentials at Purkinje fiber-muscle junctions is not abrupt; consequently, conduction block of a test muscle response can take place, depending on the timing, at many different levels. Therefore it is not possible to speak in a strict sense of the effectiveness of muscular action potentials in eliciting regenerative activity in Purkinje fibers during their relatively refrac-tory period, unless records are taken of the activity of truly terminal Purkinje fibers and of the muscle cells they serve. By the same token, it is difficult to assess the effectiveness of Purkinje action potentials in elicting active responses in "partially recovered muscle cells. Figure 9 provides an example of the latter case: it is clear that the test S2 response did not engage the central Purkinje fibers. Under these conditions, the test response evoked by S 3 (Fig. B) directly applied to central Purkinje fibers was not blocked at a junction with refractory muscle cells but in peripheral Purkinje fibers engaged by the previous test response.
CONDUCTION BLOCK AT PURKINJE FIBER-MUSCLE JUNCTIONS
Hoffman et al. (3) and Kao and Hoffman
